y 



Europaisches Patentamt 
European Patent Office 
Office europ^en des brevets 



® Publication number: 



0 595 290 A2 



EUROPEAN PATENT APPLICATION 



(Ji) Application number: 93117397.5 


® Int. CI.5: H02K 44/04 


© Date of filing: 27.10.93 




@ Priority: 27.10.92 JP 310786/92 


30-2, 3-chome, Shimomaruko, 


24.11.92 JP 334905/92 


Ohta-ku 


06.01.93 JP 15840/93 


Tokyo(JP) 


26.01.93 JP 28479/93 


Inventor: Isaka, Kazuo, c/o Canon Kabushlkl , 




Kalsha 


@ Date of publication of application: 


30-2, 3-chome, Shimomaruko, 


04.05.94 Bulletin 94/18 


Ohta-ku 


® Designated Contracting States: 


Tokyo(JP) 


Inventor: Tanaka, KazumI, c/o Canon 


AT BE CH DE DK ES FR GB GR IT LI LU NL FT 


Kabushlkl Kalsha 


SE 


30-2, 3-chome, Shimomaruko, 


® Applicant: CANON KABUSHIKI KAISHA 


Ohta-ku 


Tokyo(JP) 


30-2, 3-chome, Shimomaruko, 


Inventor: MIyazakI, Takeshi, c/o Canon 


Ohta-ku 


Kabushlkl Kalsha 


Tokyo(JP) 


30-2, 3-chome, Shimomaruko, 


@ Inventor: OnlshI, Toshikazu, c/o Canon 


Ohta-ku 


Tokyo(JP) 


Kabushlkl Kalsha 




30-2, 3-chome, Shimomaruko, 




Ohta-ku 


® Representative: Blumbach Weser Bergen 


Tokyo(JP) 


Kramer Zwirner Hoffmann Patentanwailte 


Inventor: NIshlmura, MatsuomI, c/o Canon 


Radeckestrasse 43 


Kabushlkl Kalsha 


' D-81245 Munchen (DE) 



® Method and apparatus for driving, mixing and agitation of liquid. 



CN 
< 

O 

(M 

lO 
0> 

in 



Ui 



© A method for driving an Ionic conductive liquid 
comprises placing a pair of electrodes (4 and 1) in 
the ionic conductive liquid, and exerting an elec- 
tromagnetic force to the liquid by application of a 
voltage between the pair of the electrodes to drive 
the liquid. A method for mixing and agitating a 
medium comprises feeding the medium to an ionic 
conductive liquid, placing a pair of electrodes (4 and 
1) In the ionic conductive liquid, and exerting an 
electromagnetic force (F) to the liquid by application 
of a voltage to drive the liquid and to mix and agitate 
the medium. An apparatus for delivering a liquid 
comprises a container for housing an ionic conduc- 
tive liquid, at least one pair of electrodes in the 
container, and a power source for applying a voltage 
between the pair of electrodes, the apparatus de- 
livering the liquid from the container by driving the 
liquid according to the method for driving. 



FIG. 2 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a method for 
driving an ionic electric conductive liquid by ap- 
plication of electromagnetic force. The present in- 
vention also relates to a method for mixing and 
agitating different kinds of liquids by the above 
method for driving the liquid. The present invention 
further relates to apparatuses for transfer, mixing, 
agitation, etc. of a liquid by employing the above 
method. 

Related Background Art 

Conventionally, for driving a liquid, mechanical 
force is applied to the liquid with a rotating blade, a . 
stirring piece, or the like. 

In another method, electrical force, especially 
electromagnetic force is employed to drive a liquid. 
Examples thereof are shown below. 

Japanese Patent Application Laid-Open No. 4- 
52067 discloses a method for driving molten metal 
by electromagnetic force generated by interaction 
of an electric current flowing in the molten metal 
and an external magnetic field. 

Japanese Patent Application Laid-Open No. 61- 
218359 discloses an electromagnetic pump which 
applies an external magnetic field and an electric 
field to an electric conductive liquid in a duct, and 
drives the liquid by the resulting electromagnetic 
force. 

Japanese Patent Application Laid-Open No. 4- 
13444 discloses a method In which a magnetic 
field is applied to molten metal to generate eddy 
current and to produce electromagnetic force by 
interaction of the eddy current with the magnetic 
field, and thereby the molten metal is made to flow. 

As liquid transporting apparatuses, various 
pumps are known in addition to the apparatuses 
used in the above liquid-driving method. Among 
them, pumps capable of transporting a minute . 
amount (e.g., 1 ul or less) of liquid are known: e.g., 
a pump utilizing electric distortion caused by a 
piezoelectric element, a pump utilizing a vapor 
pressure given by heat of resistor-heating element, 
etc. tn recent years, fine gear pumps are being 
developed based on micromachine technique. 

Further, ultrasonic wave, and elec- 
trohydrodynamic action (EHD) such as electroos- 
mosis and electrophoresis are known to be useful 
for transporting a liquid. 

Mechanical external force, however, is not suit- 
able generally for driving a minute amount of liquid 
since the minimum amount of the liquid to be 
driven is limited by the size of the rotating blade or 
the stirring piece. 



Electromagnetic methods enable a minute 
amount of a liquid since the methods utilize elec- 
troconductivity of the liquid and apply the force 
only to the liquid. However, the electromagnetic 

5 method disadvantageously requires a magnetic 
field application means and electric field application 
means separately. Methods of utilizing an induced 
current caused by a magnetic field require a driv- 
ing means for an alternate magnetic field or a 

10 rotating magnetic field, and are limited in applica- 
tion to liquids having sufficiently high electric con- 
ductivity. 

The aforementioned pumps utilizing a piezo- 
electric element or a resistor-heater, although they 
J5 are capable of transporting a minute amount of 
liquid, cause pulsation of flow, resulting disadvanta- 
geously in instability of liquid transportation when 
the amount of transported liquid is minute. 

The ultrasonic vibration method involves the 
20 problem that it also vibrates the container of the 
liquid and may cause damage of the container, or 
uncontrollability of liquid flow, disadvantageously. 

The electrohydrodynamic method, when em- 
ployed for transporting a highly electroconductive 
25 liquid, tends to cause electrolysis by applied volt- 
age to evolve a gas, or deterioration of the elec- 
trode, making difficult the liquid transportation, dis- 
advantageously. 

The pumps made by micromachine technique 
30 are complicated in the construction and are expen- 
sive. 

On the other hand, agglutination methods are 
known for determining a concentration of a sub- 
stance in a sample by causing agglutination of the 

35 substance. For example, an immunologically active 
antigen is brought into contact with a biological 
. substance and measuring the degree of the result- 
ing agglutination. 

One example of such methods is latex agglu- 

40 tination immunoassay (LAIA) found by J.M. Singer 
et al. (Am. J. Med.. 21888 (1956)). In this method, 
a particulate matter like polystyrene particles carry- 
ing an antibody capable of selectively combining 
with an antigen is dispersed in a liquid medium 

45 such as water to form a dispersion (a latex 
reagent). A sample solution containing the afore- 
mentioned immunologically active antigen is 
brought into contact with the dispersion to cause 
agglutination. The concentration of the antigen in 

50 the sample solution is measured by observation of 
the resulting agglutination. Later, many investiga- 
tions have been made on this method. The degree 
of the agglutination is usually judged by visual 
observation because of the advantage of simplicity 

55 and quickness although quantitative determination 
is not possible. 

In recent years, optical methods are being in- 
vestigated for measurement of the degree of agglu^ 
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tinatlon. A. Fature et al. reported a method of 
quantitative analysis by measurement of cliange of 
turbidity caused by the agglutination reaction and 
dynamic analysis of the turbidity change (A. Fature 
et al.: Protides Biol. Fluids. Proc. Colloq., 2589 
(1972)). 

in such measurement employing the agglutina- 
tion reaction, the degree of agglutination has been 
conventionally measured after the mixing a latex 
reagent with a sample solution and leaving the 
mixture standing for a ceratin time. However, such 
a method of mixing and standing of a reagent and 
a sample solution requires a long time for nriea- 
surement and resulting in low precision of the 
measured data, since the reaction rate depends 
only on spontaneous diffusion of the latex reagent. 

Therefore, in measurement of a minute amount 
of a substance by agglutination reaction with a 
biological substance in a liquid medium, the liquid 
medium is agitated to promote the reaction for 
quickness of the test. 

The agitation of the liquid medium is con- 
ducted by mechanical stirring with a stirring piece 
or mechanical vibration. Such mechanical agitation 
requires disadvantageously a large amount of a 
liquid medium, a reagent, or a sample solution, or a 
large size of the apparatus itself. 

Various methods and apparatuses are used in 
analysis of a minute amount of substances such as 
nucleic acid, immunologically active antigens, and 
other biological substances. In such analysis, a 
reagent which will combine selectively with the 
minute substance is fixed on a solid material such 
as a filter, latex particles, glass beads and the like, 
and the minute substance in a sample liquid reacts 
with the solid material, and thereafter the reaction 
adduct is detected by a radioactive method or an 
optical method. Specific examples are radioim- 
munoassay (RIA), enzyme immunoassay (EIA), flu- 
orescence immunoassay (FIA), and so forth. (See 
"Kensa to Gijutsu (Examination and Technique), 
Vol. 16, No. 7(1988)). 

In these methods, the reaction adduct is label- 
led with a radioactive isotope, a dye, or an enzyme 
for detection by radioactivity, absorption of emis- 
sion of light, or enzymatic activity. Generally, these 
method require removal from the solid material a 
non-reacting test material or a non-reacting labelled 
reagent by washing, or BF separation. 

The reaction process and washing process for 
the analysis of the minute substance is conducted 
generally in a liquid medium, and the liquid me- 
dium and the solid material (e.g., beads) needs to 
be agitated to improve the efficiency of the reaction 
and the washing. 

The known agitation methods for the above 
purpose include methods which use a solid ma- 
terial like magnetic beads or magnetic fine particles 



with application of magnetic force, and methods 
which agitate with a stirring piece for a solid ma- 
terial such as a filter. 

The agitation with magnetic fine particles is 

5 disadvantageous in that the preparation of satisfac- 
tory magnetic fine particle is not simple and that, 
when particle size of the magnetic fine particles is 
made extremely small (e.g., submicron order), the 
magnetic force will be small to result in a poor 

10 agitation efficiency. Furthermore, in agitation of a 
minute amount of a liquid material, since the vessel 
(or cell) has only a limited small space for holding 
the liquid to be agitated, the magnetic fine particles 
may clog the space to result in failure of the 

T5 intended agitation, disadvantageously. 

The agitation with a stirring piece tends to 
cause carry-over owing to insufficient washing of 
the stirring piece disadvantageously. and Is not 
suitable for a minute amount of a liquid material. 

20 Detection of fine particles in a liquid medium is 
practiced generally with an apparatus which mea- 
sures turbidity of the liquid dispersion in a batch 
cell or the like. Such an apparatus measures op- 
tical properties of the liquid dispersion containing a 

25 number of particles. 

On the contrary, there is an apparatus which 
detects optically the fine particles as a particle unit, 
namely a single particle or an aggregation of sev- 
eral particles. This a type of apparatus exhibits 

30 higher detection sensitivity than the above men- 
tioned type of apparatus. However, the apparatus 
detecting the fine particles as a particle unit re- 
quires disadvantageously a complicated apparatus 
constitution for delivering the particles as a particle 

35 unit to the optical detection region. For example, 
the fine particles in a liquid dispersion can be 
transported in a particle unit by a sheath flow cell 
which forms narrow flow of a liquid dispersion in a 
form of a laminar flow. Such a laminar flow requires 

40 a flow velocity as high as about 10 m/sec in a large 
amount. Accordingly, this method needs disadvan- 
tageously use of a large amount of the liquid dis- 
persion- and a complicated driving apparatus such 
as a pump for driving the fluid. 

45 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
a method for driving a liquid having an ionic elec- 

50 trie conductivity in a relatively wide range and 
being held in a minute region stably without elec- 
trolysis and other undesired effects, and to provide 
an apparatus for delivering the liquid. 

Another object of the present invention is to 

55 provide a method and an apparatus for causing an 
agglutination reaction simply in a short time with a 
small amount of a liquid (a dispersion, a sample 
solution, etc.), and to provide a method and an 
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apparatus for measuring a concentration of a sub- 
stance in a sample solution. 

A further object of the present invention is to 
provide a method and an appiaratus for detecting a 
minute amount of a substance! with high efficiency 
of a reaction step and a washing step in a short- 
ened measurement time by employing an agitation 
method which enabling sufficient agitation of a 
minute amount of a liquid (a sample solution, a 
reagent solution, etc.). 

A still further object of the present invention is 
to provide a method for detecting fine particles 
readily In a minute amount of a liquid dispersion, 
and to provide an apparatus for detecting fine 
particles by employing a simple construction of the 
apparatus. 

According to an aspect of the present inven- 
tion, there is provided a method for driving an ionic 
conductive liquid, comprising placing a pair of elec- 
trodes in the ionic conductive liquid, and exerting 
an 'electromagnetic force to the liquid by applica- 
tion of a voltage between the pair of the electrodes 
to drive the liquid. 

According to another aspect of the present 
invention, there is provided a method for driving an 
ionic conductive liquid, comprising feeding the ion- 
ic conductive liquid to a gap between a pair of 
electrodes, and exerting an electromagnetic force 
to a portion of the liquid in the vicinity of at least 
one of the electrodes by application of a voltage 
between the pair of the electrodes to drive the 
liquid. 

According to still another aspect of the present 

invention, there is provided a method for mixing 
and agitating a medium, comprising feeding the 
medium to an ionic conductive liquid, placing a pair 
of electrodes in the ionic conductive liquid, and 
exerting an electromagnetic force to the liquid by 
application of a voltage to drive the liquid and to 
mix and agitate the medium. 

According to a further aspect of the present 
invention, there is provided a method for mixing 
and agitating a medium, comprising feeding an 
ionic conductive liquid and a medium to a gap 
between a pair of electrodes, and exerting an elec- 
tromagnetic force to a portion of the liquid in the 
vicinity of at least one of the electrodes by applica- 
tion of a voltage between the pair of the electrodes 
to drive the liquid and to mix and agitate the 
medium. 

According to a still further aspect of the 
present invention, there is provided an apparatus 
for delivering a liquid, comprising a container for 
housing an ionic conductive liquid, at least one pair 
of electrodes in the container, and a power source 
for applying an voltage between the pair of elec- 
trodes, the apparatus delivering the liquid from the 
container by driving the liquid according to the 



method mentioned above. 

According to a still further aspect of the 
present Invention, there Is provided an apparatus 
for mixing and agitating a medium, comprising a 

5 container for housing an ionic conductive liquid, at 
least one pair of electrodes in the container, a first 
means for feeding the liquid into the container, a 
second means for feeding a medium Into the con- 
tainer, and a power source for applying a voltage to 

TO the pair of electrodes, the apparatus mixing and 
agitating the medium in the container according to 
the method mentioned above. 

The method for driving a liquid and the method 
for mixing and agitating a liquid of the present 

T5 Invention mentioned above is applicable to an ag- 
glutination reaction and detection of a minute 
amount of a substance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

Figs. 1A to 1C show examples of the wave- 
form of the periodically changing voltage. 

Fig. 2 Is a drawing for explaining a constitution 
of an electrode pair and the principle of driving of a 
25 liquid according to the present invention. 

Fig. 3 is a drawing showing another constitution 
of the electrode pair employed in the present in- 
vention. 

Fig. 4 illustrates a state of voltage application 
30 and driving of a liquid in the electrode constitution 
of Fig. 3. 

Fig. 5 a drawing illustrating another example of 
constitution of the electrode pair and the direction 
of liquid driving of the present invention. 
35 Fig. 6 illustrates an example of a plurality of 

pairs of electrodes employed In the present Inven- 
tion. 

Fig. 7 Illustrates another example of a plurality 
of pairs of electrodes employed in the present 
40 invention. . 

Fig. 8 is an example of wave-form of voltages 
applied to the plurality of pairs of electrodes of Fig. 
7. 

Fig. 9 illustrates roughly a apparatus for an 
45 agglutination reaction employing the liquid-driving 
method of the present invention. 

Figs. 10A and 10B illustrates an example of a 
reaction cell for the detection apparatus utilizing 
the liquid-driving method of the present invention. 
50 Fig. 11 illustrates an example of feeding and 

discharging of the liquid in- the detection apparatus 
of Figs. 10A and 108. 

Fig. 12 illustrates an example of optical detec- 
tion in the detection apparatus of Figs. 10A and 
55 108. 

Fig. 13 is a perspective view of an example of 
a constitution of a measurement cell employed in a 
fine particle detection apparatus utilizing the liquid- 
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driving method of the present invention. 

Fig. 14 illustrates a state of circulating motion 
of fine particles in the measurement cell of Fig. 13. 

Fig. 15 illustrates a state of projection of de- 
tecting light for optically detecting fine particles 5 
with the measurement cell of Fig. 13. 

Fig. 16 illustrates an example of the entire 
constitution of a fine particle detection apparatus 
employing the liquid-driving method of the present 
Invention. io 

Fig. 17 is a perspective view of the constitution 
of the cell in Example 1. 

Fig. 18 illustrates arrangement of glass capil- 
lary in Example 1. 

Fig. 19 illustrates constitution of the apparatus 75 
for observing the flow of the liquid in Example 1. 

Fig. 20 illustrates the state of the dye in the 
liquid in Example 1. 

Fig. 21 is a cross-sectional view of the constitu- 
tion of the cell of Example 2. 20 

Fig. 22 illustrates the flow of the dye in the 
liquid in Example 2. 

Fig. 23 is a perspective view of the liquid 
mixing-agitating apparatus in Example 3. 

Fig. 24 illustrates the entire constitution of the 25 
delivery apparatus of Example 4. 

Fig. 25 is an enlarged perspective view of the 
electrode pair and the flow path of the apparatus of 
Fig. 24. 

Fig. 26 illustrates roughly the constitution of the 30 
concentration-measuring apparatus of Example 5. 

Fig. 27 is a perspective view of the reaction 
cell used in Example 6 and Comparative Example 
2. 

Fig. 28 is a cross-sectional view of the reaction 35 
cell of Fig. 27. 

Fig. 29 illustrates the arrangement of the detec- 
tion apparatus of the present Invention during liquid 
feeding in Example 6 and Comparative Example 2. 

Fig. 30 illustrates the arrangement of the detec- 40 
tion apparatus of the present invention during de- 
tection of the fluorescent light in Example 6 and 
Comparative Example 2. 

Fig. 31 illustrates the pattern of the electrodes 
of the reaction cell used In Example 7 and Com- 45 
parative Example 3. 

Fig. 32 illustrate the reaction cell used in Ex- 
ample 7 and Comparative Example 3. 

Fig. 33 is a perspective view of the entire 
reaction cell used in Example 7 and Comparative so 
Example 3. 

Fig. 34 illustrates the arrangement of the detec- 
tion apparatus of the present invention during liquid 
feeding in Example 7 and Comparative Example 3. 

Fig. 35 illustrates the arrangement of the detec- 55 
tion apparatus of the present invention during de- 
tection of the fluorescent light in Example 7 and 
Comparative Example 3. 



Fig. 36 is a perspective view of a measurement 
cell used in Example 8. 

Fig. 37 illustrates the constitution of the fine 
particle detection apparatus of the present inven- 
tion used in Example 8. 

Fig. 38 illustrates the position of light projection 
in detection of the fine particles in Example 8. 

Fig. 39 illustrates the wave-form of the signal of 
the scattered light from the detected fine particles 
in Example 8. 

Fig. 40 is a perspective view showing roughly 
the constitution of the substrate of the one side of 
the measurement cell used in Example 9. 

Fig. 41 is a perspective view showing roughly 
the constitution of the measurement cell used In 
Example 9. 

Fig. 42 illustrates the position of light projection 
in detection of the fine particles in Example 9. 

DESCRIPTION OF THE PREFERRED EMBODI- 
f^ENTS 

The liquid to be driven by the liquid-driving 
method of the present invention is a liquid having 
ionic conductivity such as a solution of an elec- 
trolyte like sodium chloride and potassium chloride 
in a solvent such as water and organic solvents, 
and a molten electrolyte. The electrplyte in the 
liquid is required to be partly or entirely dissociated 
to form ions in order to obtain the ionic conductiv- 
ity. 

Such an ionic conductive liquid had desirably a 
higher electric conductivity, preferably not lower 
than 10"^ S/cm, more preferably not lower than 
10*"* S/cm. At a lower electric conductivity, the 
electric current flowing between a pair of elec- 
trodes is lower, and simultaneously the magnetic 
field around the electrodes is lower, which weakens 
the electromagnetic force acting on the ionic con- 
ductive liquid, thereby resulting In decrease of the 
flow of the liquid. 

The electrode useful in the present invention is 
made of a material Including conventionally known 
electrode materials such as metal, carbon, poly- 
meric materials containing the electrode material 
dispersed therein as an electric conductive filler, 
and conducting polymer material like polypyrrole, 
and so forth. 'Generally the electrode material Is 
selected depending on the voltage applied to the 
pair of electrodes. In the case where the applied 
voltage has DC component, some electrode materi- 
als tend to be oxidized to cause dissolution of the 
electrode or formation of an oxide film, and may 
affect adversely the flow of the liquid or durability 
of the electrodes. In such a case, a material such 
as platinum which is resistant to anodic oxidation 
should be selected as the electrode material. If the 
applied voltage is lowered to avoid the above ad- 
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verse effect, the electromagnetic force acting on 
the ionic conductive liquid is limited at a lower 
level, whereby the upper limit of the liquid flow 
velocity may be limited to be low, or in extreme 
cases the liquid flow is suppressed. 

In consideration of such matters, the voltage 
applied between the electrode pair is preferably a 
periodically changing voltage. The wave-form of 
the changing voltage is not specially limited, and 
may be a rectangular wave, a sine wave, a triangle 
wave, or the like. 

The frequency and the voltage amplitude affect 
the aforementioned anodic oxidation of the elec- 
trode and the electrolysis of the liquid (formation of 
bubbles, reaction, etc.). Generally, a lower frequen- 
cy and larger voltage amplitude tend to cause the 
anodic oxidation or the electrolysis. For example, 
for an aqueous electrolyte solution having an elec- 
tric conductivity of about 1 ms/cm, the frequency Is 
.preferably 100 KHz or higher, more preferably 1 
MHz or higher. The preferred voltage amplitude 
depends on distance between the pair of elec- 
trodes, the shape of the electrodes, and electric 
conductivity of the aqueous electrolyte solution, 
and is about 10* to 10^ V/m in terms of electric 
field strength. 

The periodically changing voltage may be an 
AC voltage shown in Fig. 1A. An AC voltage which 
has an average in time of the applied voltage is 
zero is particularly preferred because it Is less 
liable to cause anodic oxidation of the electrode 
and electrolysis of the liquid. 

If necessary, two or more AC voltages may be 
superposed, or an AC voltage and a DC voltage 
may be superposed as shown In Fig. 1B provided 
that the DC voltage level is limited to be within the 
range where the aforementioned anodic oxidation is 
not caused. 

If the duty ratio is changeable as shown in a 
rectangular wave voltage in Fig, 1C, the duty ratio 
is preferably in the range of 10% to 90%, more 
preferably from 20% to 80%. At the duty ratio of 
lower than 10% or higher than 90%, the respon- 
siveness of the Ionic conductive liquid to the elec- 
tric field is low, which slows down the motion of the 
ionic conductive liquid near the electrode, and 
weaken the flow of the liquid owing to decrease of 
exerting electromagnetic force. 

At least one of the pair of the electrodes, in the 
present invention, functions as an electrode (work- 
ing electrode) which exert an electromagnetic force 
to ions in the liquid. 

Although the principle of the liquid driving ac- 
cording to the present invention is not completely 
elucidated, the driving is assumed to be caused by 
the principle below by taking one of the pair of the 
electrodes as the working electrode and the other 
as a counter electrode. 



When a voltage is applied between the working 
electrode and the counter electrode, an electric 
field is formed between the two electrodes. This 
electric field lets the ionic conductive liquid to 

5 move, thereby causing flow of an electric current. 
Simultaneously a magnetic field is formed around 
the working electrode by the action of the electric 
current flowing through the working electrode. The 
ionic conductive liquid moved by the electric field 

70 around the working electrode receives electromag- 
netic force (Lorentz's force). This Lorentz's force is 
assumed to constitute the principle of the liquid 
driving. When an AC is .applied to the working 
electrode and the counter electrode, the action of 

75 the electric field on the ionic conductive liquid is 
negligible substantially on time average, and an 
electromagnetic force only acts on the liquid. 

The constitution of the working electrode of the 
present invention is preferably such that a strong 

20 electric field Is applied to the ionic conductive 
liquid and a strong magnetic field is generated 
around the working electrode. Therefore, the elec- 
trodes are made in a shape which enables con- 
centration of the electric field at the working elec- 

25 trode- so as to make strong both the electric field, 
and the magnetic field around the working elec- 
trode. 

With such a working electrode, magnetic field 
application and electric field application can be 

30 conducted simultaneously in a simple manner. 
Therefore, the means for magnetic field application 
and the means for electric field application need 
not be separately provided. 

The examples of the constitution of the elec- 

35 trode used in the present invention are described 
below by reference to drawings. 

In Fig. 2, a voltage is applied between a work- 
ing electrode 1 and a counter electrode 4. The 
working electrode has a tip in a conical shape. On 

40 application of the voltage, an ionic conductive liquid 
in the vicinity of the working electrode is driven 
along the electric field (electric force lines 3) in the 
direction shown by the symbol "i", and an electric 
current I flows through the working electrode 1. 

45 This electric current produces a magnetic field 2 in 
a concentric state around the axis of the conical 
working electrode as the center. Thereby, the ionic 
conductive liquid in the vicinity of the working 
electrode moves under the action of the electric 

50 field 3 produced between the working electrode 
and the counter electrode. Therefore, the liquid 
receives electromagnetic force F from the magnetic 
field 2 in an approximate direction along the coni- 
cal face of the tip portion of the working electrode. 

55 This direction is not changed if the polarity of the 
applied voltage is reversed and is independent of 
the positive or negative nature of the ion. 
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Fig. 3 shows another constitution in which an' 
electric conductive cylindrical tube is enriptoyed. as 
a counter electrode 4 and on the center axis a line- 
shaped working electrode 1 is provided. When an 
electric field is applied by an electric circuit and 
simultaneously electric current is allowed to flow 
through the linear electrode as shown in Fig. 4 as 
an example, the ionic conductive liquid moves in 
the direction of the axis of the cylindrical tube by 
receiving an electromagnetic force F under the 
interaction of the current flow direction (i in the 
drawing) caused by the electric field and the mag- 
netic field formed by the linear electrode. In Fig. 4, 
the current I flows through the linear electrode and 
cation moves thereby. The direction of movement 
is not changed if the polarity of the applied voltage 
is reversed. 

Two electrodes, each having a conical shape 
as the electrode shown in Fig. 2, may be provided 
in opposition to constitute a pair of electrodes as 
illustrated in Fig. 5. In this constitution, one elec- 
trode serves as the working electrode 1 and the 
other one serves as the counter electrode 4. On 
application of a voltage, the liquid flows as shown 
by arrow marks in Fig. 5. 

Fig. 6 and Fig. 7 show respectively an example 
employing a plurality of electrode pairs. In Fig. 6, 
patterns of wedge-shaped working electrodes la - 
1c combined respectively with counter electrodes 
4a - 4c are arranged in line on a substrate 51. The 
working electrode and the counter electrode in 
each pattern is insulated by interposition of an 
insulating film 52a - 52c. The electric field is ap- 
plied between the working electrode lb and the 
adjacent counter electrode 4a, for example, and 
thereby the liquid flows toward the tip of the wedge 
on the substrate 51. 

In Fig. 7, electrodes are constituted of arrange- 
ment of a plurality of electrode units (3 units in the 
drawing), each unit being composed of four elec- 
trodes. The four electrodes in each unit are in a 
conical shape, and the tips are directed to one and 
the same point on the center axis (for example, 
point G in the drawing). As an example of voltage 
application to four electrodes of each unit, a volt- 
age may be applied such that the electrodes 61 
and 63 and the electrodes 62 and 64 are in the 
relation of a working electrode and a counter elec- 
trode. In this case, the voltage may be applied 
independently to the respective electrode pairs. For 
example, the voltage may be applied in wave-forms 
of A and B shown in Fig. 8. In such voltage 
application, the liquid flows mainly in the direction 
indicated by the arrow along the center axis. 

The liquid-delivering apparatus of the present 
invention delivers a liquid according to the liquid- 
driving method of the present invention described 
above, and comprises an electrode pair having the 



aforementioned constitution, a means for feeding 
ionic conductive liquid to a gap between the elec- 
trode pair, and a power source for applying a 
voltage between the electrode pair. 

5 In the delivery apparatus of the present inven- 

tion, at least one electrode (working electrode) of 
the electrode pair Is preferably placed in an internal 
space in the flow path for efficient delivery of the 
liquid. The space in the flow path is preferably a 

10 closed space filled with a liquid in order that the 
electromagnetic force exerted by the working elec- 
trodes to the ionic conductive liquid Is utilized 
effectively for delivery of the liquid. If the space is 
open, swirl of the liquid may be caused, which may 

15 lower the delivery efficiency or may make the flow 
control difficult. 

The sectional shape of the internal space is not 
limited particularly. When the tip of the working 
electrode Is conical, for example, the Internal space 

20 is preferably cylindrical corresponding to the coni- 
cal shape. The flow path may be constructed from 
a known material such as glass, plastics, and ce- 
ramics. 

The liquid-driving method of the present inven- 
25 tion may be employed for agglutination reaction of 
a substance in a liquid sample with a biological 
substance capable of bonding specifically with the 
above substance in an ionic conductive liquid me- 
dium. The sample solution and a liquid dispersion 
30 of the biological substance in a liquid medium 
having ionic conductivity are introduced between 
the gap of an electrode pair, and a periodically 
changing voltage Is applied between the pair of 
electrodes to agitate the liquid medium to cause an 
35 agglutination reaction. To conduct the agglutination 
' reaction, there are provided a reaction cell having 
at least one pair of the electrodes and a power 
source for applying a periodically changing voltage 
to the electrode pair. 
40 The above agglutination reaction may be uti- 
lized for measuring a concentration of a substance 
in a liquid sample by detecting the degree of 
agglutination of the reaction mixture. For this con- 
centration measurement, there are provided a reac- 
ts tion cell having at least one pair of the electrodes, 
a power source for applying a periodically chang- 
ing voltage to the electrode pair, and a means for 
detecting the degree of agglutination of the reac- 
tion mixture In the above reaction cell. 
50 The substance in the sample solution and the 
biological substance are not limited, provided that 
the both substance are selectively bonded to each 
other. 

The substance in the sample solution is exem- 
55 plified by substances constituting living organism 
such as proteins, sugars, hormones, viruses, DNA, 
RNA, and so forth. 
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The biological substance as the reagent is a 
substance which exhibits biological specificity to 
the above substance. The biological specificity 
herein nneans a nature of forming a specific bond- 
ing such as antigen-antibody reaction, hybridization 
of DNA and RNA, avidin-biotin bond formation, and 
so forth. 

The biological substance includes natural and 
synthetic peptides, proteins, enzymes, sugars, lec- 
tins, viruses bacteria, nucleic acids, DNA, RNA, 
antigens (including recombinant antigen), anti- 
bodies, etc. Further, the biological substance which 
is particularly important in clinical pathology In- 
cludes serum proteins such as immune globulins 
(e.g.. IgG, Igf^, and IgE), complements, CRP, fer- 
ritin, ai microglobulin, ^2 microglobulin, etc. and 
their antibodies; tumor labelled compounds such as 
carclnoembryonic antigen (CEA), prostatic acidic 
phosphatase (PAP), CA19-9, CA-125. etc. and their 
antibodies; hormones such as luteinizing hormone 
(LH), follicle-stimulating hormone (FSH), human 
chorionic gonadotropin (hCG), estrogen, insulin, 
etc. and their antibodies; virus infection-related 
substances such as HBV-related antigens (HBs, 
HBe, HBc). HIV, ATL, etc. and their antibodies; 
bacteria such as corynebacterium diphtherie, 
Clostridium botulinum, mycoplasma, treponema 
pallidum, etc., and their antibodies; protozoa such 
as toxoplasma, trichomonas, leishmania, 
tripanosoma, Plasmodium, etc., and their anti- 
bodies; medicines such as antiepileptics, e.g.. 
phenytoin and phenobarbitat, cardiovascular medi- 
cines, e.g., quinidine and digoxin, antiasthmatics, 
e.g.. theophylline, antibiotics, e.g., chloramphenicol, 
and gentamicin. and their antibodies; enzymes, and 
exotoxin (e.g., styrelizine 0), and their antibodies, 
and so forth. The biological substance is suitably 
selected from substances which causes antigen- 
antibody reaction with the substance in the above 
sample solution. 

In the aforementioned antigen-antibody reac- 
tion, generally, agglutination of a substance in a 
sample solution with a biological substance occurs. 
The agglutination reaction may be caused with the 
biological substance supported on a surface of a 
fine particulate material depending on the kind and 
the amount of the substances. 

The fine particulate material includes fine par- 
ticulate biogenic materials, fine particulate inorgan- 
ic materials, and fine particulate organic materials. 
The fine particulate biogenic materials are exempli- 
fied by red blood cells, and dispersion-treated bac- 
teria such as staphylococcus and streptococcus. 
The fine particulate inorganic materials are exem- 
plified by silica, alumina, and bentonite. The fine 
particulate organic materials are exemplified by 
homopolymers and copolymers of vinyl monomers 
such as styrene, vinyl chloride, acrylonitrite, vinyl 
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acetate, acrylic esters, and methacrylic esters, bu- 
tadiene copolymers .such as styrene-butadiene 
copolymers, and methyl methacrylate copolymers, 
and lipid bimolecular layer liposomes. 

5 The bonding of the biological substance onto 

the fine particulate material is made physically 
and/or chemically as described later. For the phys- 
ical bonding, the surface of the fine particles is 
preferably hydrophobic. . Particularly preferred hy- 

10 drophobic fine particulate materials are fine par- 
ticles of styrene homopolymers, vinyl copolymers 
mainly constituted of styrene units, and styrene- 
butadiene copolymers mainly constituted of sty- 
rene units. 

75 . The particle diameter of the above fine par- 
ticulate materials are, in any case of fine particulate 
biogenic materials, fine particulate inorganic materi- 
als, and fine particulate organic materials, prefer- 
ably in the range of from 0.05 um to 10 um. more 

20 preferably from 0.2 um to 5 um. If the particle 
diameter is less than 0.05 um, the biological sub- 
stance as the reagent cannot readily be dispersed 
on the surface. If the particle diameter is more than 
10 um, the stability of the reagent dispersion is 

25 impaired. 

The biological substance is supported or fixed 
onto the surface of the fine particulate material by 
a known method: the method including ionic bond- 
ing, physical adsorption, and covalent bonding. 

30 The ionic bonding is formed by bonding the 
biological substance such as ■ protein, DNA, and 
RNA electrostatically onto the surface of the fine 
particulate material. 

The physical adsorption is caused by hydro- 

35 phobic bonding between the hydrophilic portion of 
the surface of the fine particulate material and the 
hydrophilic portion of the protein. 

The ion bonding and the physical adsorption 
are formed by a simple bonding reaction, but are 

40 weak in bonding strength. 

On the contrary, covalent bonding is formed by 
attaching a reactive functional group to at least one 
of the fine particle surface and the biological sub- 
stance and bonding the substance onto the surface 

45 through the functional group, thereby strong bond- 
ing being obtained. The functional group for for- 
ming the covalent bonding between the fine par- 
ticulate material and the biological substance in- 
cludes an amino group, a hydroxyl group, a phos- 

50 phoric acid group, a carboxylic group, the sulf- 
■ hydryl group of cysteine, the imidazole group of 
histidine, the phenol group of tyrosine, the hydroxyl 
group of serine or threonine. 

These functional group are capable of reacting 

55. various groups such as diazonium salt group, an 
acid amide group, an isocyanate group, an active 
type of alkyi halide group, and an active type of 
ester group. Therefore, introduction of such a func- 
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tlonal group onto the fine particle surface enables 
fixation of biological substance on the surface in 
various nnethods. The biological substances, espe- 
cially those composed of protein have a high-order 
structure retained by a relatively weak bonding 
such as hydrogen bonding, hydrophobic bonding, 
or ionic bonding, and are readily destroyed. There- 
fore, the fixation Is preferably conducted under 
nnild conditions without treatment with a strong acid 
or a strong alkali at a high temperature. 

On method of fixation reaction under mild con- 
ditions is fixation by use of a bifunctlonal crosslin- 
king agent which is capable of reacting with the 
functional groups of the fine particulate material 
and of the biological substance. The bifunctlonal 
crosslinking agent is exemplified by carbodlimides 
represented by the general formula R-N = C = N-R', 
dialdehydes represented by the general formula 
CHO-R-CHO, diisocyanates represented by the 
general formula 0 = C = N-R-N = C = 0 (in the gen- 
eral formulas, R, ancj R' denote independently a 
substituted or unsubstituted alkyi, aryl alkylaryl, or 
arylalkyi group). 

The sample solution containing a substance to 
be determined and the fine • particulate material 
supporting a biological substance as the reagent 
are dispersed in an Ionic conductive liquid medium. 

The ionic conductive liquid medium Includes 
water containing a dissolved electrolyte, or mixed 
solvent composed of the water and an organic 
solvent misclble with water such as alcohols and 
ketones. In the liquid, the electrolyte is required to 
be partly or wholly dissociated into ions for the 
Ionic conductivity. The liquid medium may contain 
an additive such as a pH buffering agent, a protein, 
a surfactant, a water-soluble polymer and the like. 

Antigen-antibody reactions and hybridization 
tend to be affected by the pH of the solvent. 
Therefore, the pH buffering agent is generally ad- 
ded to the reaction medium: the pH buffering agent 
including phosphate salts, tris, HCI buffer, and the 
like. The protein is added to inhibit non-specific 
reaction: the protein including bovine serum al- 
bumin, and gelatin. The surfactant and the water- 
soluble polymer are effective as a dispersion aid of 
the reagent, Including nonlonic and anionic surfac- 
tants like Tween 20, polyvinyl alcohols, 
polyacrylamides, polyacrylic acid salts, hydrox- 
yethylcellulose, etc. Such additives are used in 
such amounts that the agglutination reaction Is not 
retarded. 

The aforementioned reagent is diluted with the 
above liquid medium suitable depending on the 
kind and the amount of the substance in the sam- 
ple solution. The solid matter concentration in the 
diluted reagent Is adjusted depending on the type 
and the size of the reaction cell employed, and 
generally and preferably in the range of from 



0.01% to 5%, more preferably from 0.05% to 2%. 

The sample solution containing the substance 
to be measured, and the ionic conductive liquid 
medium containing the reagent dispersed therein 

5 are introduced into a space between an electrode 
pair. A periodically changing voltage is applied 
between the electrode pair to exert an electromag- 
netic force to the ionic conductive liquid in the 
vicinity of the electrode to agitate the liquid me- 

10 dium, thereby causing an agglutination reaction. 

The agglutination reaction by use of the liquid- 
driving method of the present Invention is pro- 
moted by agitation of the liquid medium by exert- 
ing an electromagnetic force to the Ionic conduc- 

75 five liquid in the minute region around the elec- 
trode. Thereby the agglutination reaction can be 
carried out simple with a small amount of a liquid 
(dispersion medium, sample solution, etc.). 

Fig. 9 illustrates an example of constitution of 

20 an agglutination reaction apparatus having elec- 
trode constitution shown In Fig. 5. The reaction cell 
10 is constructed of glass substrate 6, 6', spacers 
7. and has electrodes 8, 8' having a tip in a conical 
shape, and a liquid Introduction portion 9. • 

25 With this apparatus, a sample solution contain- 
ing a substance to be measured and an Ionic 
conductive liquid medium containing a biological 
substance dispersed therein as the reagent are 
introduced to the liquid introduction portion, and an 

30 AC voltage is applied between the electrode 8, 8' 
by a power source (not shown in the drawing). 
Thereby, the liquid medium in the vicinity of the 
electrodes 8, 8* is driven as shown in Fig. 5, 
resulting in agitation of the liquid medium to pro- 
as mote the agglutination reaction. By changing the 
voltage level and frequency of the applied voltage, 
the agitation efficiency is changed and thereby the 
reaction rate of the reaction velocity can be con- 
trolled. 

40 The method and the apparatus for concentra- 
tion measurement are described below which em- 
ploy the agglutination reaction method and the 
agglutination reaction apparatus described above. 
The method of concentration measurement de- 

45 tects the degree of agglutination of a reaction mix- 
ture of the aforementioned agglutination reaction. 
Specifically, the change of the output of a detector . 
may be measured with progress of the agglutina- 
tion reaction, or the output of a detector may be 

50 measured on completion of the agglutination reac- 
tion. Further, quantitative determination is feasible 
by preparing a calibration curve with known sam- 
ples. The degree of the agglutination of Jhe reac- 
tion mixture Is preferably detected in the agitated 

55 region between the pair of electrodes placed in the 
reaction cell. 

The measurement may be conducted while the 
voltage level or the frequency of the applied power 
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is being changed to change the efficiency of agita- 
tion. 

The means for measurement of degree of ag- 
glutination of the reaction mixture with the afore- 
mentioned concentration measurement apparatus 5 
includes optical methods such as measurement of 
transmitted light intensity and measurement of 
scattered light Intensity from the reaction ceil, and 
electrical means such as measurement of imped- 
ance as well as visual observation. In the optical io 
means, the light source includes lamps such as 
halogen lamps and Xe lamps, and laser light sour- 
ces such as He-Ne laser, and semiconductor laser. 
The light receiving element Includes photomul- 
tipliers, photodiodes. phototransistors. and so forth,- 75 
and the output is amplified, if necessary, by an 
operational amplifier. 

The liquid-driving method of the present inven- 
tion enables detection of a minute amount of a 
substance by forming an adduct by reaction of the 20 
substance and/or one or more detection reagents 
with a solidified reagent which is a biological sub- 
stance supported on a solid material and is capable 
of specifically combining with the minute substance 
in the sample. In this detection, the sample solution 25 
and the detection reagent solution are ionic con- 
ductive. The ionic conductive liquids are introduced 
into the gap between the electrode pair, and a 
periodically changing voltage is applied between 
the electrode pair to agitate the liquids. Thereby a 30 
reaction is allowed to proceed among the solidified 
reagent, the minute substance, and the detecting 
reagent. 

After the reaction, cleaning of the reaction cell 
may be conducted such that a cleaning liquid hav- 35 
ing ionic conductivity Is Introduced between the 
pair of the electrode, and a periodically changing 
voltage is applied between the electrode pair to 
agitate the cleaning solution. In order to conduct 
the above detection, there are provided a reaction 40 
cell provided with at least one pair of electrodes, a 
power application means, and a detection means 
for detecting a labelled substance in the reaction 
adduct. 

The minute substance in the sample solution 45 
and the biological substance in the above detection 
are not specially limited. The ones already men- 
tioned as the examples of the substance in the 
sample solution and the biological substance are 
suitably used in the detection. 50 

The biological substance in the present inven- 
tion is supported (or fixed) on a solid material to 
form a solidified reagent. The solid material is not 
specially limited provided that it is capable of fixing 
the biological material according to the method 55 
described below. The solid material may be glass 
or a plastic material constructing the reaction cell, 
or may be a filter of a fine particulate matter made 



of glass fiber or cellulose. The .fine particulate solid 
material is useful which are exemplified before in 
the agglutination reaction as the fine particulate 
material for supporting the biological substance. 

The biological material is fixed on the surface 
of the solid material by Ionic bonding, physical 
adsorption, or covalent bonding In the same man- 
ner as described before. 

The detection may be conducted by the meth- 
ods exemplified below (see "Kensa to Gijutsu (Ex- 
amination and Technique)" Vol. 16, No. 7, p.591 
(1988)). 

(Sandwich Technique) 

A minute amount of a substance is detected by 
reaction of a solidified reagent and a detection 
reagent with interposition of the minute substance 
to form a reaction adduct and detecting the result- 
ing reaction adduct. In the sandwich technique, the 
detection reagent may be a biological substance 
which exhibits biological specificity to the minute 
substance similarly as the solidified reagent. 

(Competition Technique) 

A minute amount of a substance in the sample 
solution and a detection reagent are reacted com- 
petitively with the solidified reagent to form two 
kinds of reaction adducts of (the solidified reagent 
and the minute substance), and (the solidified 
reagent and the detection reagent), and the reac- 
tion adduct composed of the solidified reagent and 
the detection reagent Is detected. The minute sub- 
stance is determined complementarily. 

In the competition technique, .the detection 
reagent may be another minute substance (which 
is required to be labelled to be- distinguished from 
the minute substance to be measured), or a sub- 
stance which exhibits biological specificity to the 
solidified reagent similarly. 

In either method of the sandwich technique and 
the competition technique, the reaction adduct con- 
taining the detection reagent needs to be detected. 
This detection is generally conducted by introduc- 
tion of a labelled compound detectable optically or 
radiochemlcally. The labelled compound may be 
Introduced chemically to the detection reagent pre- 
liminarily. Otherwise a labelled compound is linked 
specifically to the detection reagent In the reaction 
adduct. and another labelled detection reagent is 
further bonded thereto. The labelled compound in- 
cludes conventional radioactive isotopes, dye, and 
enzymes. 

In this detection, the sample solution and/or the 
detection reagent solution Is ionic conductive. 
These solutions are Introduced between the elec- 
trode pair, and the liquid mixture is agitated by 
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electromagnetic force produced by application of a 
periodically changing voltage between the elec- 
trode pair. 

When cleaning is necessary after the above 
reaction, the cleaning can be practiced efficiently in 
a shorter tinae by using an ionic conductive clean- 
ing solution and agitating the solution in the same 
manner as in the reaction of the sample solution 
and the reagent solution. 

Figs. IDA and 10B Illustrate an example of 
constitution of the reaction cell used as the detec- 
tion apparatus. Fig. IDA is a perspective view 
thereof, and Fig. lOB is a cross-sectional view 
thereof. 

In the drawings, a reaction cell 5 has a liquid 
retaining portion 6 in a cylindrical shape. A filter 7 
is placed at the bottom of the liquid-retaining por- 
tion 6. A reagent region 8 is provided on the upper 
face of the filter 7. Needle-shaped electrodes 1 and 
4 are provided at the liquid-retaining portion 6 as 
shown in Fig. 5, and thereto voltage is applied by 
an external power source (not shown in the draw- 
ings). The reaction cell 5 may be made of a known 
material such as glass, synthetic resins, and met- 
als, or a composite thereof. When the reaction cell 
is exchanged in correspondence with the- kind of 
the reagent region 8, a synthetic resin material is 
preferred which is light-weight and produced at a 
low cost. The reagent region 8 has a reagent which 
is capable of reacting with the minute substance. 
This reagent may exist directly on the upper face 
of the filter 7, or may be supported on an inter- 
mediate medium like glass fiber and fine par- 
ticulate polymer which is placed on the filter 7. 

Thus, a biological substance capable of reac- 
ting specifically with a minute substance in a sam- 
ple liquid is supported on a filter 7 to form a 
solidified reagent. Then a sample liquid, a detec- 
tion reagent liquid, a cleaning liquid, etc. are fed to 
the liquid-retaining portion 6. For example, the liq- 
uids are dropped to the liquid-retaining portion 6 in 
a predetermined amount by use of a dispenser 9 
as shown in Fig. 1 1 . The liquid is removed from the 
liquid-retaining portion 6 by suction through the 
filter 7. Different dispensers 9 are used correspond- 
ing to the sample liquid, the detecting liquid, the 
cleaning liquid, etc. If desired, the tip of the dis- 
penser may be disposable. 

In the reaction step of sandwich technique, for 
example, firstly a sample liquid is dropped from the 
dispenser 9 to the liquid-retaining portion 6 to allow 
the entire face of the reagent region 8 on the filter 
and the electrodes 1 ,4 to be dipped in the sample 
liquid. (Suction is not applied in this stage.) Then, 
an AC voltage is applied between the electrodes to 
agitate the sample liquid and to link the minute 
substance in the sample liquid to the reagent in the 
reagent region 8. In this step, it is possible to 



control the temperature of the reaction cell 5 to 
promote the reaction between the reagents. The 
temperature depends on the kind of the reaction, 
and is preferably in the range of from 5'C to 

5 100*C, more preferably from 20*C to 60 'C. Gen- 
erally, the time required for the reaction depends 
on the used reagent on the reagent region 8, the 
object of the analysis, pH, temperature, etc. For 
example, the reaction time is several minutes for 

10 immune reactions, and several hours for hybridiza- 
tion of DNA. Therefore, the aforementioned con- 
ditions are selected preferably to shorten the time 
for the reaction as much as possible. 

After the reaction, suction is applied from the 

76 back face of the filter to remove the excess sample 
liquid. 

Then suction is stopped, and a labelled reagent 
liquid which contains a reagent capable of reacting 
with the minute substance^ and labelled with flu- 

20 orescent dye or the like is dropped from the dis- 
penser 9 to the liquid-retaining portion 6, to cause 
the reaction, and then the reagent' liquid is re- 
moved in the same manner as above. 

Cleaning is conducted in a similar manner by 

25 dropping a cleaning liquid from the dispenser 9 to 
the liquid-retaining portion, and removing excess 
sample liquid and the excess labelled reagent liq- 
uid. The cleaning may be repeated several times, if 
necessary. 

30 Consequently, a reaction adduct is formed by 
linking of the labelled reagent to the reagent region 
on the filter through the minute substance having 
been contained in the sample liquid. The presence 
of the formed reaction adduct is detected, for ex- 

35 ample, as shown in Fig. 12 by incident light from a 
light source 10 to the reagent region on the filter 
and detecting the fluorescent light or reflected light 
from the reagent region by light detector 1 1 , there- 
by the minute substance in the sample liquid is 

40 detected. The detection region where light is Illumi- 
nated is preferably the agitation region between the 
pair of the electrodes in the reaction cell. 

In the competition technique, a sample liquid 
and a labelled reagent liquid are simultaneously 

46 dropped to the liquid-retaining portion 6, and other- 
wise cleaning and detection is conducted in the 
same manner. 

The minute substance in an unknown sample 
liquid can be quantitatively determined by deriving 

50 a calibration curve of the fluorescent light intensity 
by use of a standard sample liquid of known con- 
centration of the minute substance. 

The light source 10 may be a non-coherent 
light source such as xenon lamps, halogen lamps, 

55 tungsten, lamps, LED, and the like, or may be a 
coherent light source such as laser. The light de- 
tector 11 may be a photomultiplier, a photodiode, a 
photocell, or the like. 

11 
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Fine particles in a liquid medium can be de- 
tected by the liquid-driving method. That is, a ionic 
conductive liquid medium is introduced to a gap of 
a pair of electrodes, a periodically changing voltage 
is applied between the electrodes and fine particles 
moving around In the vicinity of the electrode are 
detected. To conduct the detection, there are pro- 
vided a measurement cell having the aforemen- 
tioned electrode pair, a power source for applying 
voltage between the electrode pair, and a detection 
means for detecting the fine particles moving ar- 
ound the electrode. 

The fine particles detectable include cells such 
as erythrocytes, and leucocytes, biological fine par- 
ticles such as liposome, and fine particulate mi- 
croorganisms such as fungi and bacteria such as • , 
colon bacterium and yeast. Further the fine par- 
ticles include giant molecule such as DNA, RNA, 
and protein, fine particulate polymers composed of 
polystyrene, and acrylics, and fine particulate in- 
organic materials such as ferrite, glass, carbon, and 
silica. 

When the above fine particles dispersed in an . 
ionic conductive liquid medium is introduced be- 
tween a pair of electrodes and a periodically 
changing voltage is applied between the. elec- 
trodes, the fine particles are driven to move around 
In the vicinity of the electrode by an electromag- 
netic force acting on the ionic conductive liquid in 
the vicinity of the electrode. 

Fig. 13 illustrates an example of constitution of 
a measurement cell for the above detection of fine 
particles. This measurement cell has substrates 5, 
5' and a needle-shaped electrode (working elec- 
trode) 4 and a counter electrode 4 are held be- 
tween the substrates. The two substrates is kept at 
a certain distance by a gap member 6. The liquid 
medium containing the fine particles is introduced 
into this gap. A terminal 7 is provided for the 
needle-shaped electrode 1 . 

Fig. 14 illustrates the flow of the liquid medium 
under application of a periodically changing voltage 
between the electrodes 1, 4 of the measurement 
cell as viewed from the top side of the cell. 

In the vicinity of tip of the needle-shaped elec- 
trode 1, the liquid moves around as shown by the 
arrow marks in the drawing, and consequently the 
fine particle 8 in the liquid also moves around the 
needle-shaped electrode. 

The orbital of the movement of the fine par- 
ticles is controllable by the shape of the cell, par- 
ticularly in the vicinity of the electrode (e.g., dis- 
tance between the substrates, the shape of the 
counter electrode, etc. 

The interval of the fine particles can be con- 
trolled by adjusting the concentration of the fine 
particles in the liquid medium introduced into the 
cell, even when many fine particles are moving 



around. 

The detectable size of the fine particles de- 
pends on the specific gravity of the fine particles. If 
the specific gravity of the fine particle is at approxi- 

5 mately the same level as that of the dispersing 
liquid medium (except for the same level), the 
particle diameter is preferably not larger than 100 
urn, preferably not larger than 50 urn, more prefer- 
ably not larger than 10 um. Fine particles having a 

TO larger particle diameter than the above value can- 
not readily be moved around in the vicinity of the 
working electrode because of larger action of grav- 
ity or buoyancy. On the other hand, when the 
circulating motion of the moving fine particles is 

15 detected by an optical means, the particle diameter 
is required to be larger than the wavelength of the 
detecting light. 

The method of detecting the circulating fine 
particles is described below specifically. 

20 Fig. 15 shows a positional relation of detecting 
light to the measurement cell in optical detection of 
circulating fine particles. Detecting light 10 is illumi- 
nated from the top face side of the measurement 
cell 9 to a region in a circulation orbital from a light 

25 source (not shown In the drawing). 

Fig. 16 illustrates an example of constitution of 
a fine particle detection apparatus of the present 
invention having an optical detection means. In this 
apparatus, the light from a light source 11 is con- 

30 densed by lenses 12, 13 in a cell 9. transmitted 
light is intercepted by a beam stopper 15 on a lens 
14, and scattered light only is detected by light 
detector 16. The fine particles passing through the 
light-incident region scatter the Incident light and 

35 the scattered light is detected by the light detector. 
The size of the particles or occurrence of agglu- 
tination is measured by the intensity of the de- 
tected scattered light. 

The light source 11 may be a non-coherent 

40 light source such as xenon lamps, halogen lamps, 
tungsten, lamps, LED, and the like, or may be a 
coherent light source such as laser. The light de- 
tector 16 may be a photomultipiier. a photodiode, a 
photocell, or the like. 

45 The present Invention is described in more 
detail by reference to Examples. 

Example 1 

50 A liquid flow experiment was conducted with a 
cell shown in Fig. 17. 

The working electrode 1 was made of - gold- 
tungsten alloy having a diameter of 50 um with a 
conical tip having a diameter of 10 um or less. The 

55 counter electrode was made of a stainless steel 
plate of 250 um thick. The counter electrode 4 was 
held between two sheets of slide glass 81 of 1 mm 
thick. The distance between the counter electrode 



12 



23 



EP 0 595 290 A2 



24 



and the working electrode was fixed at 100 urn. 

The cell was filled with an aqueous potassium 
chloride solution (electric conductivity: 1 mS/cm), 
and thereto another aqueous potassium chloride 
solution containing a dye dissolved therein was 
introduced by employing the constitution shown in 
Fig, 18. In Fig. 18, a glass capillary 91 having 
inside diameter of about 10 urn is provided in 
proximity to the tip of the working electrode 1. In 
this capillary, the dye-containing aqueous potas- 
sium chloride solution Is Introduced. The dye-con- 
taining solution in the capillary 91 is discharged 
from the glass capillary into the cell by a micro- 
syringe pump. 

Fig. 19 illustrates constitution of an apparatus 
for observing flow of the liquid in the cell. The 
apparatus in Fig. 19 comprises an objective lens 
101, a cell 102, a bipolar amplifier 103, a wave- 
form generator 104, a microsyringe pump 105, a 
joint 106, and a microscope stage 107. 

Firstly, the. dye solution was discharged in a 
small amount from the tip of the glass capillary 91 
by use of the microsyringe pump 105. Then a 
rectangular wave voltage of ±9 V and 1 MHz was 
applied between the working electrode 1 and the 
counter electrode 4, whereby the dye discharged 
from the capillary tip was made to flow as shown 
by the arrow mark in Fig 20. During this operation, 
bubble formation caused by electrolysis of water 
was not observed. 

Example 2 

A liquid flow experiment was conducted with a 
cell shown in Fig. 21. The two electrodes 121 
constituting the electrode pair were made by a 
stainless steel of 250 um thick, and were fixed by 
slide glass sheets 81 of 1 mm thick and a PET film 
spacer 122 of 100 um thick. 

With this cell, and by using the same liquid 
and apparatus as in Example 1. a voltage of ±9 V 
and 1 MHz was applied between the two elec- 
trodes, whereby the dye flowed in the direction as 
shown by the arrow marks in Fig. 22. In this 
Example also, bubble formation caused by elec- 
trolysis of water was not observed. 

Example 3 

Two kinds of liquids were driven, mixed, and 
discharged with constitution shown in Fig. 23. 

In Fig. 23. the numeral 141 denotes a flow cell 
having a T-shaped duct (duct portions 142 and 143 
having a size of 300 um x 400 um, duct portion 
144 having a size of 300 um x 300 um) made of 
an acrylic resin, and therein electrodes 145, 145' 
made of a gold-tungsten alloy wire having conical 
tip (wire diameter: 100 um. tip diameter: 10 um or 



less) are placed as shown in the drawing. The gap 
between the tips of the electrodes is 200 um. 

An aqueous calcium chloride solution and an 
aqueous sodium sulfate solution (both having elec- 

5 trie conductivity adjusted to 0.5 mS/cm by addition 
of potassium chloride) were fed respectively to the 
duct portion 142 and the duct portion 143. A volt- 
age of ±9 V and 1 MHz was applied between the 
wire electrodes 145, 145', and the liquid was dis-. 

JO charged from the duct portion 144 by sucking with 
a pump means (not shown in the drawing). 

In this experiment, the aqueous calcium chlo- 
ride solution and the aqueous sodium sulfate solu- 
tion were efficiently agitated at the joining portion 

75 of the T-shaped flow cell, and the precipitate of 
calcium sulfate formed by the reaction was continu- 
ously discharged from the duct portion 144. The 
reaction efficiency and the particle size of the pre- 
cipitation of calcium sulfate were controlled by ad- 

20 justing the rate of discharge from the duct portion 
144 and by adjusting the voltage applied between 
the wire electrodes. 

Example 4 

25 

A liquid delivery apparatus of the present in- 
vention was prepared. Fig. 24 illustrates the entire 
construction of the apparatus of this Example. Fig. 
25 is an enlarged drawing of the electrode pair and 

30 the flow path of the apparatus. 

As shown in Fig. 25, a gold-tungsten alloy wire 
152 having a conical tip (diameter: 50 um, tip 
diameter: 10 um or less) as the working electrode 
was inserted Into a glass capillary 151 (inside di- 

35 ameter: 100 um), and the position was adjusted 
such that the tip of the wire and the open end of 
the glass capillary comes onto approximately one 
and the same plane. A stainless steel plate 153 of 
250 um thick was placed as the counter electrode 

40 at the distance of 200 um outside from the open 
end of the glass capillary 151. 

As shown in Fig. 24, a liquid-supplying vessel 
154 and a liquid-receiving vessel 155 were con- 
nected by a glass capillary 151 of 1 m long. In the 

45 liquid-receiving vessel, a stainless steel plate 153 
shown in Fig. 16 was placed, and the gold-tungsten 
wire 152 was lead from the liquid-supplying vessel 
through the glass capillary 151 to the external 
liquid. The stainless plate 153 and the gold-tung- 

50 sten wire were respectively connected to the power 
source 156. The liquid 157 was an aqueous potas- 
sium chloride solution (electric conductivity: 1 
mS/cm), and the liquid 157' In the liquid-supplying 
vessel contained a small amount of dye. When 

55 voltage was not applied between the gold-tungsten 
wire and the stainless steel plate, no movement of 
the liquid through the glass capillary 151 occurred. 
When a rectangular wave voltage of 1 MHz and 
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±11 V was applied by turning power source on, 
movement of the liquid was observed from the 
liquid-supplying vessel through the glass capillary 
to the liquid-receiving vessel. 

In this experiment, bubble formation at the s 
electrodes caused by electrolysis of water was not 
observed. By changing the applied voltage, it was 
found that the rate of movement changed and the 
delivery rate could be controlled. 

Example 5 

A dispersion of polystyrene latex particles im- 
mobilized to human CRP antibody (particle diam- 
eter: 1.2 iLm, made by Denka Seiken K.K.) in PBS 76 
(solid content 1.2 mg/m(), and standard CRP serum 
(made by Kyowa Yuka K.K.) as a sample liquid 
were mixed" to* give a serum concentration of 5 
ug/ml. and 1 ul of the mixture was introduced to 
the reaction cell having the constitution shown in 20 
Fig. 9. 

The reaction cell was constructed by two 
sheets of. slide glass 6. 6' of 1 mm thick with a 
spacer 7 held therebetween to form a liquid in- 
troduction portion 9. The electrodes 8, 8' were 2s 
made of a gold-tungsten wire having a conical tip 
(wire diameter: 50 um, tip diameter: 10 um or 
less), and were opposed in the reaction cell at a 
gap between the tip of 100 um. After introduction 
of the above mixture from the liquid introduction 30 
opening into the reaction cell, the CRP concentra- 
tion was measured by detecting the agglutination 
state by means of a measurement apparatus 
shown in Fig. 26. 

The apparatus in Fig. 26 comprises a reaction 35 
cell 10. a halogen lamp 11, lenses 12, 12', a 
photodiode 13, a stage 14 equipped with a heater, 
a high frequency power- source 15, electrodes 16, 
16', and a pinhole plate 17. 

The liquid mixture In the reaction cell was kept 40 
at 37 "C with a heater 14. and in this state, a 
rectangular wave voltage of 1 MHz and ±10 V was 
applied between the electrodes by the high fre- 
quency power source 15 for 100 seconds to agitate 
the liquid mixture between the electrodes. Thereby 45 
the liquid mixture between the electrodes was 
driven to flow in the direction shown by. the arrow 
marks In Fig. 26, and was agitated. After the agita- 
tion, the agglutination state was measured by mea- 
suring the transmitted light intensity. The CRP con- 50 
centration in the sample liquid was measured by 
comparing the obtained data with the preliminarily 
prepared calibration curve. 

Comparative Example 1 55 

The measurement was practiced in the same 
manner as in Example 5 except that the voltage 



was not applied between the electrodes. After 100 
seconds, the agglutination state of .the liquid mix- 
ture was detected. As the results, the degree of 
agglutination was low, and the CRP concentration 
was underestimated according to the preliminarily 
prepared calibration curve, and the precise mea- 
surement value could not obtained. 

Example 6 

A detection apparatus of the present invention 
was constructed with the reaction cell as shown in 
Fig. 27 (perspective view) and Fig. 28 (sectional 
view). 

Firstly, the preparation method of the reaction 
cell is described below. 

An acrylic resin plate 15 of 20 mm x 30 mm, 
and 3 mm thick was bored to make a hole of 8 mm 
in diameter. Thereon, a filter 16 made of cellulose 
(thickness: 500 um, diameter: 10 mm, pore diam- 
eter: 0.2 um) was bonded with an adhesive. The 
cellulose filter 16 was preliminarily sensitized to a 
human CRP antibody (TgG fraction) to form there- 
by a reagent region comprising a solidified reagent. 

Then electrodes 17, 17' formed from a tung- 
sten wire having a conical tip (wire diameter: 50 
um, tip diameter: 10 um or less) was placed in 
opposition with a gap of the tips of 200 um at the 
center of the hole of 8 mm diameter and on the 
filter 16. Further thereon, an acrylic resin plate 18 
of 3 mm thick having a hole of 8 mm diameter was 
bonded with interposition of the electrodes 17, 17'. 

Further, thereon an acrylic resin plate 19 of 0.5 
mm thick having a hole of 4 mm diameter was 
placed as a cover. 

With the reaction cell prepared as above, a 
detection apparatus was prepared which has con- 
struction as shown in Fig. 29 and Fig. 30. 

The ^detection apparatus in Fig. 29 and Fig. 30 
comprises a reaction cell 20, an arm 21, a dis- 
penser tip, an Ar ion laser 23, a photomultiplier 24, 
a rubber sheet 25, a condensing lens 26, a dichroic 
mirror 27, a liquid suction opening 28, a receptacle 
for electrode 29, fans 30, 31, and a temperature 
sensor 32. 

The measurement apparatus has a working 
space 33 for placement of the reaction cell or other 
operations, and therein air is circulated from an air 
conditioner by fans 30. 31 , and the temperature is 
kept at a desired level by control of the tempera- 
ture and amount of the circulating air in response 
to the signal from the temperature sensor 32. 

Fig. 29 is a drawing for explaining the case 
where a sample liquid containing a minute sub- 
stance, a labelled reagent liquid, or a cleaning 
liquid is dropped to the reaction cell 20. The tip of 
the dispenser is constructed of a detachable dis- 
penser tip 22 formed from a synthetic resin, and 
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sucks and discharge the liquid. By changing the 
dispenser tip 22 in correspondence with the kind of 
the liquid, contamination between different liquid is 
avoided. The dispenser is movable by the arm 21 
between the upper portion of the reaction cell and 
the container (not shown in the drawing) holding 
the liquid to be dropped. 

Fig. 30 is a drawing for explaining the case 
where the intensity of fluorescence from the 
reagent region on the filter in the reaction cell. The 
laser berm from the Ar ion laser 23 is illuminated 
onto the reagent region by the condenser lens 26. 
Fluorescent light and scattered laser light from the 
reagent region are again condensed by the con- 
denser lens 26, and only the fluorescent light is 
reflected by the dichroic mirror 27 to be separated 
from the laser light. The separated fluorescent light 
is introduced to the photomultipller 24 and de- 
tected thereby. 

In this Example, a reaction cell having a filter 
sensitized to a human CRP antibody (IgG fraction) 
was set on a rubber sheet 25 in a detection ap- 
paratus. The electrodes in the ceil was connected 
to the connector 29 for voltage application. Then 
the cover of the reaction cell was slid to open the 
liquid-retaining portion, and 200 ul of a sample 
solution containing a minute substance was 
dropped from the dispenser to the liquid-retaining 
portion. And the cover was slid to close the reac- 
tion cell. The sample liquid on the filter was agi- 
tated by application of rectangular wave voltage of 
1 MHz and ±12 V at a temperature of the working 
space 33 of the measurement apparatus main- 
tained at 37'C. 

The voltage application was stopped and the 
remaining sample liquid was removed by sucking 
from the back side of the filter. 

Separately a florescence-labelled reagent liquid 
was prepared by dissolving an FITC-labelled hu-. 
man CRP antibody (IgG fraction) by diluting to a 
concentration of 0.2 mg/ml with a phosphate buffer- 
physiological saline of pH 7.2 (hereinafter referred 
to as PBS). 200 ui of this labelled reagent liquid 
was dropped from the dispenser, and the steps to 
the removal was repeated in the same manner as 
the sample liquid. Then 150 ill of a cleaning solu- 
tion (PBS) was dropped and the cleaning liquid 
was removed similarly. This cleaning step was re- 
peated three times. Finally, the cover was slid to 
open the apparatus, and Ar ion laser beam was 
illuminated through the condenser lens having 
been moved to the position above the reagent 
region on the filter. Thereby fluorescent light was 
received and the object of measurement in the 
sample liquid was detected. 



Comparative Example 2 

The same process was conducted as in Exam- 
ple 6 except that a voltage was not applied be- 

5 tween the electrodes In the reaction cell when the 
sample liquid is allowed to act on the reagent 
region. The intensity of the fluorescent light coming 
from the reagent region on the filter was measured 
in the same manner, and found to be 1/2 of the 

70 intensity in Example 6. To obtain the same inten- 
sity of the fluorescent light as in Example 6, the 
required retention time for the reaction was twice 
that of Example 6. 

)5 Example 7 

Electrode patterns 36, 37. 38, 39 were pre- 
pared by a printing method on a polystyrene sheet 
35 of 500 urn thick, 40 mm long, and 30 mm wide 

20 as shown in Fig. 31. 

In the region surrounded by a dotted line in 
Fig. 31. a human iS2-microglobulin antibody was 
fixed to form a reagent region comprising the so- 
lidified reagent. 

25 To the end of the respective electrode patterns 
36, 37, 38, 39, a gold-tungsten wire electrode 
(wire;diameter: 50 urn. tip diameter: 10 um or less) 
was connected (opposing electrode distance: 150 
um). Thereon an acrylic resin plate 40 of 30 mm 

30 square and 3 mm thick having a 6 mm-square 
aperture at the center was placed and bonded to 
prepare a reaction cell shown in Fig. 33. 

Fig. 34 and Fig. 35 show constitution of the 
detection apparatus employed in this Example. 

35 The reaction cell 46 is set on a movable stage 
47. A connector for the four electrode terminals is 
provided on the movable stage 47, and the mov- 
able stage 47 is connected to an external power 
source (not shown In the drawing) by a cable 53. 

40 The movable stage 47 has a heater therein to keep 
a constant temperature. 

Fig. 34 illustrates an arrangement for the case 
where a required amount of a liquid (e.g., a sample 
liquid, a reagent liquid, etc.) is introduced from a 

45 dispenser into the reaction cell 46. 

Fig. 35 illustrates an arrangement for the case 
where the intensity of fluorescent light coming from 
the reagent region in the reaction cell. The light 
emitted by an xenon lamp 48 is filtered by a band- 
so pass filter 54 to select the required wavelength of 
light only. The selected light is illuminated through 
a' condenser lamp 49 to the reagent region. The 
transmitted light and the fluorescent light from the 
reagent region are collected by a condenser lens 

55 . 49', and are filtered by a band-pass filter 50 to 
pass only the fluorescent light. This fluorescent 
light is detected by a photomultiplier 51. 
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With this detection apparatus, an experiment 
was conducted as below. 

The arrangement shown in Fig. 34 was em- 
ployed. 100 ul of a sample liquid containing an 
object of measurement was introduced Into the 
reaction cell, and the reaction cell was set on a 
movable stage 47 of the detection apparatus. A 
rectangular wave voltage of 1 MHz and tlO V was 
applied to the two pairs of opposing electrodes tor 
8 minutes to agitate the liquid. The temperature of 
the movable stage was kept at 37 ' C. 

After the voltage application was stopped, the 
excess sample liquid was removed by the dis- 
penser 52, and then 100 ul (concentration: 0.2 
mg/ml) of human /?2-microglobulin antibody (poly- 
clonal antibody, IgG fraction) labelled with alkaline 
phosphatase was dropped thereto. Then the volt- 
age was again applied for 15 minutes. Thereafter, 
the excess labelled reagent liquid was removed by. 
the dispenser 52 similarly as above, and washed 
with PBS. 

After the washing, 1 ml of a substrate liquid 
containing 4-meth'ylumbelliferylphosphoric acid (4- 
MUP) was dropped thereto, and the voltage was 
applied for 3 minutes. Then the movable stage was 
moved to the position shown In Fig. 35, and 4- 
methylumbelliferon (4-MU) having formed in the 
reagent region between the pairs of electrodes was 
detected by utilizing the fluorescent light coming 
from the reagent region by the above-mentioned 
optical detection means, thereby detecting- the ob- 
ject in the sample liquid. 

Comparative Example 3 

The same experiment was conducted as In 
Example 7 except that the sample liquid was 
brought Into contact with the reagent region and 
reacted vyith it without application of voltage. Con- 
sequently, the Intensity of the detected fluorescent 
light was 3/4 of the intensity in Example 7. To 
obtain the same fluorescent light intensity, a 1.5- 
fold length of the retention time was required for 
the reaction. 

Example 8 

A measurement cell illustrated in Fig. 36 was 
prepared. A gold-tungsten alloy wire 17 having a 
conical tip (wire diameter: 50 um, tip diameter; 10 
um or less) was employed as the working elec- 
trode. An L-shaped stainless steel block 18 (elec- 
trode portion: 150 um thick, block portion: 1,15 mm 
thick) was employed as the counter electrode. The 
opposing electrodes were held between two sheets 
of slide glass of 1 mm thick 19. 19'. and were 
bonded with an adhesive 60 to fix the counter 
electrode and the working electrode at a distance 



of 100 um. Two terminals for the electrodes were 
provided at one side of the cell, and were respec- 
tively connected to the working electrode and the 
counter electrode. 

5 Between the glass substrates of the measure- 

ment cell prepared above, a liquid medium was 
Introduced which had been prepared by dispersing 
polystyrene latex particles of 5 um diameter (made 
by JSR) in an aqueous potassium chloride solution 

JO having electric conductivity of 1 mS/cnn (particle 
concentration of 10^ particles/ml). 

Fig. 37 illustrates constitution of the detection 
apparatus employed In this Example. The appara- 
tus comprises an He-Ne laser (wavelength: 633 

15 nm. output: 10 mW), cylindrical lenses 21, 22, a 
halogen lamp 24, a condenser lens 25, a band- 
pass filter 26 (transmission wavelength: 400 to 600 
nm); a half mirror 27, a band-pass filter 28 (90% 
interception of He-Ne laser), a CCD camera 29. a 

20 measurement cell 30, a movable stage 31, a con- . 
denser lens 32, a beam stopper 33, a band-pass 
filter 34 (transmitting He-Ne laser only, intercepting 
light of 400 to 600 nm), a lens 35. a photodiode 36, 
lead wires 37, and a connector 38. 

25 A measurement cell 30 was fixed on a movable 
stage 31. Electrode terminals on the measurement 
cell were connected by lead wires 37 to a connec- 
tor 38 to connect It to a voltage application power 
source (not shown in the drawing). A circular light 

30 beam emitted from an He-Ne laser 20 (wavelength: 
633 nm, output: 10 mW) was reformed into an 
ellipsoidal light beam by two cylindrical lenses 21, 
22, and was illuminated to the vicinity of a working 
electrode in the measurement cell 30. The ellipsol- 

35 dal light beam was directed such that the major 
axis of the ellipsoidal spot 40 was perpendicular to 
the flowing direction of the particles circulating In 
the vicinity of the working electrode as shown in 
Fig. 38. The projection spot is controlled by a CCD 

40 camera and the movable stage 31 . 

The ellipsoidal light beam which has not been 
scattered by the fine particles and transmitted Is 
intercepted by a beam stopper 33 and is not de- 
tected by a photodiode 36. On the contrary, the 

46 light beam which has been scattered by particles 
circulating in the measurement cell Is condensed 
by a condenser lens 32, and is detected by the 
photodiode 36. 

On application of rectangular wave voltage of 

60 ±10 V and frequency of 1 MHz, the fine particles in 
the cell was driven to circulate in the vicinity of the 
working electrode (cycle of about 0.5 second). The 
position of the spot of the He-Ne laser light projec- 
tion was adjusted by observation with a CCD cam- 

55 era. The presence of fine particles was observed at 
a signal Intensity ratio of about 20. The signal 
intensity ratio herein was derived from an oscillog- 
raph wave-form obtained by measuring the 

16 
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photodiode output signal by an oscilloscope. The 
obtained oscillograph signal wave-fornn is shown in 
Fig. 39. 

Example 9 5 

As Shown in Fig. 40, a molded article 41 was 
prepared by applying an epoxy type photosetting 
resin, Adeka KS820 (made by Asahi Denka Kogyo 
K.K.), on a glass substrate 5 of 0.9 mm thick and io 
curing the resin under ultraviolet light irradiation by 
stamper molding. 

A measurement cell was prepared as shown in 
Fig. 41 by use of this substrate 5 as one of the 
substrates in the same manner as in Example 8. 75 

On application of a rectangular wave voltage of 
±9 V and 1 MHz between the electrodes 1, 4, the 
fine particles circulate along the side face of the 
molded article 41. The fine particles were detected 
with the same apparatus as the one shown in Fig. 20 
37 at a signal intensity ratio of 25. 

As described above, the liquid-driving method 
or the liquid delivering apparatus of the present 
invention does not require separately a magnetic 
field-applying means and an electric field-applying 25 
means in contrast to conventional methods or-ap- 
paratuses, and is capable of driving stably an ionic 
conductive liquid in a relatively broad range of ionic 
conductivity in a restricted minute region without 
causing electrolysis and capable of controlling the 30 
flow rate thereof. 

Accordingly, a sample liquid containing a ob- 
ject of measurement and a biological substance 
capable of linking to the object of measurement are 
allowed to cause agglutination reaction by dispers- 35 
ing the sample liquid and the biological substance 
in a ionic conductive liquid medium, introducing the 
resulting dispersion between a pair of electrodes, 
and applying a periodically changing voltage to the 
electrodes to apply electromagnetic force to ions in 40 
the liquid medium in a minute region in the vicinity 
of the electrodes. Thereby the agglutination reac- 
tion can be conducted simply in a minute amount 
of liquid (dispersion medium, sample liquid, etc.) in 
a short time with smaller apparatus. 45 

Further, a reaction process of a solidified 
reagent, a minute substance in a sample liquid, 
and a detection reagent, or cleaning process with a 
cleaning liquid can be conducted efficiently by 
agitating a liquid (sample liquid, reagent liquid, 50 
cleaning liquid, etc.) by exerting electromagnetic 
force to ions in the liquid, whereby the time for the 
reaction or cleaning can be shortened, and enables 
detection of a minute amount of a substance in a 
shorter time, and enables detection of a minute 55 
amount of substance in a minute amount of sample 
liquid. 



Furthermore, a fine particles in a minute 
amount of liquid can be readily detected by in- 
troducing a fine particle-containing ionic conductive 
liquid medium between a pair of electrodes, apply- 
ing a periodically changing voltage, between the 
electrodes to drive the liquid medium in a fine 
region around the electrode to cause circulating 
motion of the fine particles, and detecting the cir- 
culating fine particles. The detection apparatus can 
be made simple thereby. 

Claims 

1. A method for driving an ionic conductive liquid, 
comprising placing a pair of electrodes in the 
ionic conductive liquid, and exerting an elec- 
tromagnetic force to the liquid by application of 
a voltage between the pair of the electrodes to 
drive the liquid. 

2. A method for driving an ionic conductive liquid, 
comprising feeding the ionic conductive liquid 
to a gap between a pair of electrodes, and 
exerting an electromagnetic force to a portion 
of the liquid in the vicinity of at least one of the 
electrodes by application of a voltage between 
the pair of the electrodes to drive the liquid. 

3. A method according to Claim 1 or 2, wherein 
at least one of the pair of electrodes is a 
needle-shaped ielectrode. 

**;■ ' ^ - ■ 

4. A method according to Claim .1. 'or 2; whefeiri' . 
the liquid is a solution containing ' an • elec- 
trolyte. 

5. A method according to Claim 1 or 2. wherein, 
the voltage is a periodically changing voltage. 

6. A method according to Claim 1 or 2, wherein, 
the voltage is an AC voltage. 

7. A method according to Claim 1 or 2, wherein 
the liquid is a solution containing ions. 

8. A method according to Claim 1 or 2, wherein 
the liquid has an electric • conductivity of not 
less than IQ-s S/cm. 

9. A method according to Claim 1 or 2, wherein 
the liquid has an electric conductivity of not 
less than 10** S/cm. 

10. A method according to Claim 1 or 2, wherein a 
plurality of pairs of electrodes are employed. 

11. A method for mixing and agitating a medium, 
comprising feeding the medium to an ionic 
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conductive liquid, placing a pair of electrodes 
In the Ionic conductive liquid, and exerting an 
electromagnetic force to the liquid by applica- 
tion of a voltage to drive the liquid and to mix 
and agitate the medium. . 5 

12. A method for mixing and agitating a medium, 
comprising feeding an ionic conductive liquid 
and a medium to a gap between a pair of 
electrodes, and exerting an electromagnetic to 
force to a portion of the liquid in the vicinity of 

at least one of the electrodes by application of 
a voltage between the pair of the electrodes to 
drive the liquid and to mix and agitate the 
medium. 15 

13. A method according to Claim 11 or 12, 
wherein the medium contains fine particles. 

14. A method according to Claim 11 or 12, 20 
wherein the medium Is a dispersion of fine 
particles. 

15. A method according to Claim 11 or 12. 
wherein the medium contains agglutinative fine 25 
particles. 

16. A method according to Claim 11 or 12, 
wherein at least one of the pair of electrodes Is 

a needle-shaped electrode. 30 

17. A method according to Claim 11 or 12, 
wherein the liquid Is a solution containing an 
electrolyte. 

35 

18. A method according to Claim 11 or 12, 
wherein the liquid is a solution containing ions. 

19. A method according to Claim 11 or 12, 
wherein, the voltage is a periodically changing 40 
voltage. 

20. A method according to Claim 11 or 12, 
wherein, the voltage is an AC voltage. 

45 

21. A method according to Claim 11 or 12, 
wherein the liquid has an electric conductivity 
of not less than 10"^ S/cm. 

22. A method according to Claim 11 or 12, 50 
wherein the liquid has an electric conductivity 

of not less than 10"* S/cm. 

23. A method according to Claim 11 or 12, 
wherein a plurality of pairs of electrodes are 55 
employed. 



24. An apparatus for delivering a liquid, comprising 
a container for housing an ionic conductive 
liquid, at least one pair of electrodes In the 
container, and a power source for applying an 
voltage between the pair of electrodes,, the 
apparatus delivering the liquid from the con- 
tainer by driving the liquid according to the 
method of any of Claims 1 to 10. 

25. An apparatus according to Claim 24, wherein 
the apparatus is further equipped with a flow 
path of the liquid. 

26. An apparatus for mixing and agitating a me- 
dium, comprising a container for housing an 
ionic conductive liquid, at least one pair of 
electrodes in the container, a first means for 
feeding the liquid into the container, a second 
means , for feeding a medium into the con- 
tainer, and a power source for applying a volt- 
age to the pair of electrodes, the apparatus 
mixing and agitating the medium in the con- 
tainer according to the method mentioned 
above. 

27. An apparatus according to Claim 26, wherein 
the apparatus is further equipped with a flow 
path for the liquid and the medium. 

28. An apparatus according to Claim 26,- wherein 
the apparatus is further equipped with a detec- 

V tion means for detecting the medium. ■ 

29. An apparatus according to Claim 26. wherein 
the apparatus is further equipped with a con- 
centration measurement means for measuring 
the concentration of the medium. 

30. Use of the method for driving an ionic conduc- 
tive liquid of any of Claims 1 to 10 for an 
agglutination reaction. 

31. Use of the method for driving an ionic conduc- 
tive liquid of any of Claims 1 to 10 for detec- 
tion of a minute amount of a substance. 

32. Use of the method for mixing and agitating a 
medium of any of Claims 11 to 23 for an 
agglutination reaction. 

33. Use of the method for mixing and agitating a 
medium of any of Claims 11 to 23 for detect- 
ing a minute amount of a substance. 

34. Use of the apparatus of any of Claims 24 to 29 
for an agglutination reaction. 
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35. Use of the apparatus of any of Claims 24 to 29 
for detecting a nninute amount of a substance. 
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